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Why	  do	  this	  project?	  
Course	  context	  
•  Instructor-­‐generated	  problems	  
•  Focuses	  on	  details	  of	  technical	  design	  
•  Typically	  projects	  with	  commodity	  products/large-­‐scale	  plants	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Typical	  projects	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Why	  do	  this	  project?	  
Our	  Goals	  
•  Introduce	  elements	  of	  entrepreneurial	  	  
	  	  	  	  	  thinking	  
•  Maintain	  strong	  focus	  on	  technical	  design	  	  
	  	  	  	  	  of	  processes	  
•  Focus	  on:	  	  
–  more	  student	  ownership	  of	  design	  projects	  
–  emphasizing	  crea=vity,	  defining	  final	  product	  and	  requirements	  
http://abc.go.com/shows/shark-tank
Closeout	  
Economic	  
Technical	  
Research	  
Defini=on	  
Final	  Oral	  Report	  
Final	  Design	  
Report	  
Oral	  Progress	  
Process	  Design	  
Report	  
Research	  
Proposal	  
Final	  Oral	  Report	  
Process	  Flow	  
Diagrams	  (PFDs)	  
Research	  
Pitches	  TradiBonal	  
Approach	  
Revised	  
Approach	  
How	  did	  we	  do	  it?	  
1.  Students	  were	  formed	  into	  pitch	  teams	  focused	  on	  sectors	  	  
2.  Students	  were	  tasked	  to	  iden=fy	  	  
–  a	  poten=al	  product	  
–  its	  associated	  market,	  and	  	  
–  the	  poten=al	  economic	  benefit	  
3.  Present	  their	  ideas	  in	  a	  pitch	  session,	  with	  department	  
alumni	  and	  their	  peers	  evalua=ng	  the	  proposed	  projects	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Students	  ran
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Duckweed as a Renewable Fuel Source 
MichiChem at the University of Michigan 
 
•  Duckweed has a rapid growth rate  
•  Duckweed doesn’t effect human food 
supply 
•  Duckweed can thrive in wastewaters  
Duckweed will provide an alternative in order to reduce our dependence on non-renewable fuels.  
  Proposal: 
Harvest duckweed in order to produce ethanol for a 
renewable fuel source. 
 HOW IT WORKS:  
 
 
 
       Growing duckweed               Harvesting and drying  
 
 
 
 
              Ethanol                         Ethanol production  
 
 
ASSUMPTIONS AND LIMITATIONS: 
•  Surface grower 
•  Rapid growth, may cause crowding  
•  Large competitive refineries must sell this ethanol for $72/ barrel 
•  Year-round growth with sufficient nutrients  
•   Moderate sized ethanol plant produces approximately 50-100 
million gallons of ethanol per year 
•  Ethanol price: $2.36/ gallon, unleaded gasoline: $2.79/gallon, so 
ethanol is in demand 
 
 
 
Duckweed is an alternative 
for ethanol production  
Integrate higher percentages of 
ethanol into biodiesel 
Use waste products for animal feed  
Wastewater treatment  
Increase ethanol production and uses 
Explore cellulosic ethanol production 
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Worldwide, fossil fuel oils are 
consumed at 11 billion tons a year, 
and fossil fuel reserves are depleting 
at 4 billion tons a year.  
•  With no other oil sources, we will run 
out in approximately year 2052. [1] 
Using renewable sources , such as 
plants and vegetables to harvest 
oil for fuel  
•  Photosynthesis removes 
CO2 
•  Produces 5 to 6 times more 
starch than corn per unit 
footage 
•  Requires 20% of growing 
space compared to corn 
•  Functions as a bio-
remediator for water 
•  Similar processing as corn 
for ethanol   
 
 
 
Converting Pure Methane into Ammonia 
•  Uses a cheap feedstock and 
process to minimize cost of 
production of fertilizer grade 
ammonia 
 
•  Recycle water from exothermic 
reaction cooling jacket into boiler 
to reduce energy cost to produce 
steam for endothermic reaction 
•  Explore catalyst synthesis 
inclusion in process  
!
 
•  Lower energy cost of production 
•  Planned production 1000 tons/day 
•  Methane consumption ~353 tons/day 
•  Expected revenue between $222,168 
and $546,797 per day 
This process will convert Methane into Ammonia 
•  Form catalyst from aluminum oxide and magnetite 
•  A steam reformer will remove the hydrogen from the 
methanol, using above catalyst 
 CH4 +  2H2O → 4H2 + CO2 
•  The residual carbon dioxide will be recombined with 
water into methane and reprocessed 
•  The hydrogen will be reacted over a catalyst with 
nitrogen from air, undergoing the Haber process: 
 N2 + 3H2 → 2NH3  
 
 
 
 
 
 
•  The anhydrous ammonia product will be separated and 
cooled to a liquid to prepare for shipping 
 
Assumptions 
•  Feed comes from pure liquefied methane that has 
gone through regasification 
•  Cost of methane feedstock must remain low 
•  Assume Haber process reaction completes as stated 
Limitations 
•  High pressure and temperature requirements 
•  Expensive catalyst 
 
  
Point of Contact: Jay Antonishen, Michael 
Carpenter, Daniel Cohen 
ANTICIPATED IMPACT 
PATH FORWARD 
DESCRIPTION BACKGROUND & MOTIVATION 
INNOVATION 
Current Technology Readiness Level 
•  Technology currently in use 
Producing fertilizer to help feed the world 
•  With the discovery of shale gas, the US 
has become the leading natural gas 
producing country in 2014 
•  Because of increased production, the price 
of natural gas has dropped significantly  
•  Our goal is to utilize recent natural gas 
abundance for cheaper fertilizer 
manufacturing 
1.  N2 (g) ! N2 (ads) 3.  H2 (g) ! H2 (ads) 
2.  N2 (ads) ! 2N (ads) 4.  H2 (ads) ! 2H (ads) 
5.  N (ads) + 3H (ads) ! NH3 (ads) 
6.  NH3 (ads) ! NH3 (g) • Monitor natural gas and ammonia on-going pricing trends  
• Analyze heat exchange of reactors with 
cooling jacket during process reactions  
• Expect theoretical development to be done by 
the end of FY1, and construction of plant done 
by end of FY3 providing there are no delays  
• MSs: 
o  MS mid FY1: define operation 
conditions for plant process 
o  MS end FY1: develop theoretical 
prototype for more efficient plant 
process 
• Increased efficiency of current process 
How	  did	  we	  do	  it?	  
1.  Students	  were	  formed	  into	  pitch	  teams	  focused	  on	  sectors	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  were	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  to	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  poten=al	  product	  
–  its	  associated	  market,	  and	  	  
–  the	  poten=al	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3.  Present	  their	  ideas	  in	  a	  pitch	  session,	  with	  department	  
alumni	  and	  their	  peers	  evalua=ng	  the	  proposed	  projects	  
•  Pitches	  presented	  in	  one	  3-­‐hr	  
class	  session	  
•  Scoring	  of	  pitches	  by	  total	  
points	  
•  Students	  and	  mentors	  awarded	  
points	  to	  any	  number	  of	  
pitches	  
How	  did	  we	  do	  it?	  
Vo=ng	  and	  Scoring	  System	  
980$
(74%)$
350$
(26%)$
Students$
Mentors$
165$
(12%)$
128$
(10%)$
116$
(9%)$
110$
(8%)$103$
(8%)$
101$
(8%)$
607$
(46%)$
Aripiprazole$
Ethyl$Vanillin$
Bioethanol$
Herbal$BiteABlocker$
Ammonia$
Methotrexate$$$
All$others$
Student	   Mentor	   Total	  
Aripiprazole	   105	   60	   165	  
Ethyl	  Vanillin	   68	   60	   128	  
Bioethanol	   96	   20	   116	  
Herbal	  Bite-­‐Blocker	   80	   30	   110	  
Methotrexate	   76	   25	   101	  
Ammonia	   83	   20	   103	  
How	  did	  we	  do	  it?	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Did	  it	  work?	  
•  Assessment	  based	  on	  
–  Student	  course	  evalua=ons	  
–  Targeted	  survey	  conducted	  several	  months	  aaer	  course	  
–  Instructor	  impressions	  
Did	  it	  work?	  
Student	  Course	  Evalua=ons	  
●  “I really liked getting to pick our own topics we were interested in.” 
●  “Having to think through many different problems and figuring out how to tackle 
new problems as you go.” 
●  “Getting to opportunity to work with a great team, exchange ideas, and present 
our ideas/designs in various different ways. I also really liked how open the 
projects were (i.e. we were able to pretty much do whatever we wanted in the 
design process).” 
●  “I loved this course. Getting to design something was a lot of fun. I wish we had 
more design work throughout our ChemE classes.” 
Did	  it	  work?	  
Instructor	  Takeaways	  from	  Experience	  
•  Although	  students	  	  appreciate	  structured	  projects,	  they	  seemed	  
excited	  to	  define	  and	  select	  their	  own	  project.	  	  
•  Instructors	  should	  automate	  more	  logisBcs	  with	  project	  vo=ng	  
and	  provide	  specific	  criteria	  during	  vo=ng.	  	  
•  Pitch	  process	  increased	  student	  buy-­‐in	  and	  allowed	  for	  
creaBvity	  all	  while	  mee=ng	  needs	  of	  process-­‐focused	  design	  
course.	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